Introduction
============

Osteoprotegerin (OPG) is a secretory glycoprotein of the tumour necrosis factor (TNF) receptor, which is highly expressed in adult bone, lung, heart, kidney and placenta ([@ref-35]; [@ref-3]). The role of OPG in the pathological aspects of bone diseases, such as osteoporosis associated with estrogen deficiency and periodontal disease, has been well established ([@ref-10]; [@ref-27]; [@ref-18]).

In the medical field, OPG therapy has been used to reduce bone resorption and to enhance osseous healing ([@ref-28]; [@ref-6]); the therapeutic strategies are based on OPG's potent inhibitory action on osteoclast differentiation and function. In tumour-bearing mice, OPG treatment reduced osteoclast activity.

[@ref-6] extended gene therapy investigations into human clinical trials by investigating the safety and tolerability of OPG as well as the bone anti-resorptive effects. This study showed that a single dose of OPG rapidly decreased bone resorption in post-menopausal women. Thus, blocking RANKL using OPG may be effective in the treatment of bone diseases characterized by increased bone resorption, such as osteoporosis.

Chitosan is a natural, cationic carbohydrate polymer derived from chitin by partial deacetylation ([@ref-20]). It has been shown to be biocompatible and biodegradable both for *in vitro* and *in vivo* conditions ([@ref-23]; [@ref-13]). Chitosan also has high affinity to proteins, adheres well to mucosa and demonstrates antifungal effects; thus, it makes an ideal material for biomedical applications. To our knowledge, there is no study investigating the use of a drug delivery system with a polymer/polysaccharide matrix, such as chitosan, to deliver OPG locally. Therefore, in this study, we attempt to evaluate the cytotoxicity of low, medium and high molecular weights of chitosan (LMW, MMW and HMW respectively) and new combinations of OPG and chitosan (OPG-chitosan complexes) and their *in vitro* effect on normal, human periodontal ligament (NHPL) fibroblast cells and study the effect on bone marker production from normal human osteoblast cells.

Materials and Methods
=====================

Materials
---------

Low molecular weight (LMW), medium molecular weight (MMW) and high molecular weight (HMW) chitosan and human OPG protein (Recombinant Human OPG; PeproTech, Rocky Hill, New Jersey, USA) were used in this study. Tris buffer (5 mmol L^−1^, pH 7.5) and dimethyl sulfoxide (DMSO) (Fisher Scientific, Leics, UK) were used throughout the experiment. Normal, human periodontal ligament (NHPL) fibroblasts and normal, human osteoblasts were obtained from Lonza (Lonza Inc., Walkersville, MD, USA). Penicillin-streptomycin (Bioscience Ltd, Buckingham, UK), 3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide (MTT) propidium iodide and acridin orange (Sigma-Aldrich, St. Louis, MO, USA) were also used.

Cell culture
------------

NHPL fibroblast cells were cultured and maintained in Dulbecco's Modified Eagle's Medium (DMEM; Sigma-Aldrich, St. Louis, MO, USA). The medium was supplemented with 10% foetal bovine serum (FBS) with 1% antibiotics (penicillin-streptomycin) and incubated in 5% CO~2~ at 37 °C. The medium was changed twice a week until a confluent cell monolayer was formed and observed under an inverted microscope.

Cell viability assay
--------------------

We evaluated the effect of different molecular weights of chitosan (LMW, MMW and HMW) and OPG on cell viability after treatment. The cultured cells were trypsinized, seeded in 96-well micro plate (8 × 10^3^ cells/well) and incubated at 37 °C in 5% CO~2~ for 24, 48 and 72 h to allow cell attachment as described earlier ([@ref-40]). The medium was freshened and treated with serial dilutions of chitosan (100, 50, 25, 12.5, 6, 3, 1.5, μg mL^−1^) and OPG (30, 15, 7.5, 3, 1.5, 0.75, 0.35, 0.19, 0.09, 0.045, 0.024 μg mL^−1^) then incubated for 24, 48 and 72 h. Following incubation, 20 μL of tetrazolium bromide (MTT) (5 mg mL^−1^) solution was added to each well followed by incubation for 4 h. All remaining supernatant was removed and 100 μL of DMSO was added to dissolve the crystal formation. The optical density was measured at a wavelength of 570 nm using a microplate reader (Tecan Infinite M 200 PRO; Tecan, Männedorf, Switzerland).

Cell proliferation assay
------------------------

A cell proliferation assay was carried out by using MTT on various concentrations of OPG-chitosan combinations. The different MWs of chitosan (at fixed concentration) combined with high, moderate and low concentrations of OPG were selected from the results of the cell viability assay. NHPL cells (8 × 10^3^/well) were treated with the OPG-chitosan combinations together with control samples (cells without treatment) and incubated for 24, 48 and 72 h. Each sample was assayed in triplicate.

At the end of each incubation period, the previously explained procedure was used in another viability assay to measure the optical density by MTT assay.

Morphological observation
-------------------------

NHPL cells were seeded into 24-well microtiter plate (with a density 3 × 10^4^ cells/well) and were incubated for 24 h at 37 °C and 5% CO~2~. Then the cells were treated with different MWs of chitosan, combined with 0.024 μg mL^−1^ OPG and incubated for 24, 48 and 72 h. The cellular morphological changes of the treated and untreated cells were observed under a Leica DM IRB (Leica Microsystems, Wetzlar, Germany) inverted microscope and compared with untreated, viable cells.

Acridine orange and propidium iodide (AOPI) double-staining assay
-----------------------------------------------------------------

Acridine orange (AO) and propidium iodide (PI) are nuclear DNA staining (nucleic acid binding) dyes. AO is permeable to both live and dead cells and stains all nucleated cells, generating green fluorescence. This assay was conducted to assess the morphology and quantify the viable and nonviable (apoptotic) cells. Viable cells are indicated by green nuclei with round intact structure and nonviable cells will display orange-to-red areas.

NHPL fibroblast cells were quantified using AOPI staining, according to standard procedures and examined under a fluorescence microscope (Lieca attached with Q-Floro Software, Solms, Germany). The treatment was carried out in a 25 mL culture flask (Nunc, Roskilde, Denmark). NHPL fibroblast cells were cultured at a concentration of 2 × 10^5^ cell mL^−1^ and treated with different MWs of chitosan (LMW, MMW and HMW) combined with a 0.024 μg mL^−1^ concentration of OPG. Flasks were incubated in an atmosphere of 5% CO~2~ at 37 °C for 24, 48 and 72 h. The cells were then spun down at 220 g for 5 min. The supernatant was discarded and the cells were washed twice, using cold PBS after being centrifuged at 220 g for 5 min to remove the remaining media. Five microliters of fluorescent dye containing AO (10 μg mL^−1^) and PI (10 μg mL^−1^) were added into the cellular pellet at equal volumes. The freshly stained cell suspension was dropped onto a glass slide and covered with a cover slip. The slides were then observed under the fluorescence microscope within 30 min before the fluorescent colour begin to fade. The percentages of viable and nonviable cells were determined based on the morphological criteria assessed under the UV-fluorescence microscope.

3D cell encapsulation in cell culture plates
--------------------------------------------

In 96 well plates, BD PuraMatrix/cell/sucrose mixture was prepared according the protocol to the center of the well carefully, without introducing bubbles ([@ref-1]). The cells were seeded into 96-well plate at a density of 10 × 10^3^ per well. After the cells have been plated in all wells, gelation of the PuraMatrix was initiated by gently running culture media down the side of the well on top of the hydrogel. The media was changed gently two times over the next one hour to further equilibrate the pH of the hydrogel. The treatment was started at 7days post cell seeding and exposed for 24, 48 and 72 h. At the end of the treatment, cell viability was estimated by AlamarBlue assay (ThermoFisher Scientific, Hempstead, UK).

Western blot
------------

Normal human osteoblasts were incubated in osteogenic medium at controlled conditions (5% CO2, 95% air and 37 °C). Osteoblast of second passage was used in this experiment. 75 mL cell culture flasks were used to seed the control and the cells were treated with OPG (0.024 μg mL^−1^ and LM chitosan (100 μg mL^−1^). Subsequently, these cells were incubated for 24, 48 and 72 h. PRO-PREPTM (iNtRON, Biotechnology, Korea) was used to extract the whole proteins, and NanoOrange protein quantitation kit (Invitrogen) was employed for protein quantification. The proteins were transformed with nitrocellulose paper. The nitrocellulose blot was blocked with a solution of 4% (W/V) dry milk for 3 h. The blot was incubated with monoclonal osteopontin (clone 1B20; Novus Biologicals, Cambridge, UK) and osteocalcin (OCG3; Abcam, Cambridge, UK) at a 1:1000 dilution for overnight. The goat anti-mouse secondary antibody was added at dilution of 1:5000 for 3 h. After the final wash, the proteins bands were detected on the membrane with calorimetric horseradish peroxidase (HRP) substrate, 4-chloro-1-naphthol (4CN) (Bio-Rad) kit. To capture images of the membrane, a UV gel documentation system (Biospectrum 410; UVP) was used.

Real-time PCR analysis
----------------------

The NHPL fibroblast cells were seeded and cultured as described earlier, then the cells were treated with OPG (0.024 μg mL^−1^ and LM chitosan (100 μg mL^−1^). Subsequently, these cells were incubated for 24, 48 and 72 h. RNA was extracted by RNeasy Mini Kit (Qiagen, Valencia, CA, USA). The concentration and purity of RNA were measured by using the NanoDrop 2000 spectrophotometer (Thermo Fisher Scientific, Waltham, MA, USA). cDNA was synthesized from the RNA following the manufacturer's instructions using High Capacity RNA-to-cDNA Kit for RT-PCR (Applied Biosystems, Foster City, CA, USA). For the PCR reaction, TaqMan^®^Fast Advanced Master Mix was used (ThermoFisher Scientific, Hempstead, UK). The primers (for caspase 8, BCL2) that were used in this experiment. Glyceraldehyde phosphate dehydrogenase (GAPDH), a housekeeping gene, was used as an internal control. All of the assays were conducted in 96-well PCR plates using the StepOne Plus Real-Time PCR system (Applied Biosystems Inc, Waltham, MA, USA). The reactions were performed in triplicate. The mRNA level of each gene relative to that of GAPDH was calculated using the comparative quantification method

Statistical analysis
--------------------

For each microplate, reading values calculated from the exposed cells were converted into percentages with the negative control values considered to be 100%. The data was reported as the mean ± standard deviation (SD).

Result
======

The cell viability after treated with different MW chitosan
-----------------------------------------------------------

[Table 1](#table-1){ref-type="table"} summarises and compares the percentage of viable NHPL fibroblasts following treatment with different MWs of chitosan (LMW, MMW and HMW) over different time exposures and under control conditions using the MTT assay. Regardless of chitosan MW, the viability of the NHPL cells was ≥90%, following 24, 48 and 72 h of exposure as compared to the untreated cells.

10.7717/peerj.2229/table-1

###### The percentage of NHPL fibroblast cells viability treated with different MWs of chitosan.

![](peerj-04-2229-g011)

  Time exposure (h)   Percentage of cell viability           
  ------------------- ------------------------------ ------- -------
  24                  ≥100%                          ≥92%    ≥90%
  48                  ≥100%                          ≥100%   ≥96%
  72                  ≥100%                          ≥100%   ≥100%

**Notes.**

The viability percentage values were obtained from the MTT assay.

The viability assay of OPG
--------------------------

[Figure 1](#fig-1){ref-type="fig"} summarises the percentages of viability according to different OPG concentrations at different exposure times. In general, the viability of cells decreased gradually as the OPG concentration and exposure time increased. At 30 μg mL^−1^, the viability was reduced to less than 80% after 48 h and to less than 60% after 72 h. The viability of cells treated with 0.024--1.5 μg mL^−1^ OPG was ≥90% after 72 h of exposure. 10.7717/peerj.2229/fig-1Figure 1Percentage of NHPL fibroblast cells viability after treatment with different OPG doses (0--30 µg/mL) after 24, 48 and 72 h.

Proliferation assay of OPG
--------------------------

The effect of OPG on cell proliferation was studied *in vitro*. The cells treated with OPG showed optical densities for two concentration levels (0.024 μg mL^−1^ and 0.18 μg mL^−1^) that were higher than cells treated with 1.5 μg mL^−1^ OPG and the controls (zero concentration OPG). [Figure 2](#fig-2){ref-type="fig"} shows the growth rates of the treated cells compared to the untreated cells. The highest cell proliferation rate was displayed at the concentration of 0.024 μg mL^−1^ after 72 h of incubation.

![Comparison of cell proliferation rates at control, low (0.024 µg mL^−1^), moderate (0.15 µg mL^−1^) and high (1.5 µg mL^−1^) doses of OPG compared to control.](peerj-04-2229-g002){#fig-2}

Proliferation assay of LMW chitosan combined with different concentrations of OPG
---------------------------------------------------------------------------------

When combined with 0.024 μg mL^−1^ OPG the LMW chitosan showed a higher cell proliferation rate than LMW chitosan combined with 1.5 and 0.18 μg mL^−1^ concentrations of OPG ([Fig. 3](#fig-3){ref-type="fig"}).

![The effect of LMW chitosan combined with low (0.024 µg mL^−1^), moderate (0.15 µg mL^−1^) or high (1.5 µg mL^−1^) doses of OPG on NHPL fibroblasts proliferation *in-vitro*.\
NHPL Fibroblasts were treated for 24, 48 and 72 h.](peerj-04-2229-g003){#fig-3}

Proliferation assay of MMW chitosan combined with different concentrations of OPG
---------------------------------------------------------------------------------

The cells were treated with MMW chitosan (100 μg mL^−1^ combined with different concentration of OPG (1.5, 0.18, 0.024 μg mL^−1^), the proliferation of cells was evaluated at 24, 48, 72 h. Chitosan combined with 0.024 μg mL^−1^ OPG showed a higher cell proliferation rate than chitosan combined with 1.5, 0.18 μg mL^−1^ OPG over three different exposure time points ([Fig. 4](#fig-4){ref-type="fig"}).

Proliferation assay of HMW chitosan combined with different concentrations of OPG
---------------------------------------------------------------------------------

The HMW chitosan combined with the same concentrations of OPG (0.024, 0.18 and 1.5 μg mL^−1^) were used to evaluate the growth of the cells. The 1.5 μg mL^−1^ OPG-chitosan combination induced a greater proliferation of cells than the other two combinations after 24 h. However, there was no marked difference in the proliferation of cells at 0.024 μg mL^−1^ and 1.5 μg mL^−1^ concentration levels after 72 h of incubation, and they showed an increase of cell proliferation, when compared to the control ([Fig. 5](#fig-5){ref-type="fig"}).

![The effect of MMW chitosan combined with OPG (low (0.024 µg mL^−1^), moderate (0.15 µg mL^−1^) or high (1.5 µg mL^−1^) dose) on NHPL fibroblasts proliferation *in-vitro*.\
NHPL fibroblast cells were treated for 24, 48 and 72 h.](peerj-04-2229-g004){#fig-4}

![The effect of HMW chitosan samples in different concentrations of OPG (low (0.024 µg mL^−1^), moderate (0.15 µg mL^−1^) or high (1.5 µg mL^−1^) dose) on NHPL fibroblasts proliferation *in-vitro*.\
NHPL fibroblast cells were treated for 24, 48 and 72 h.](peerj-04-2229-g005){#fig-5}

Proliferation assay of three different MWs of chitosan combined with 0.024 µg/mL OPG concentration using 3D culture system
--------------------------------------------------------------------------------------------------------------------------

Previous results of the viability and proliferation assays ([Figs. 3](#fig-3){ref-type="fig"}--[5](#fig-5){ref-type="fig"}) showed 0.024 μg mL^−1^ concentration of OPG is the optimum concentration to use. It has been shown to be nontoxic and enhance the proliferation of cells. Another proliferation assay was carried out to determine the appropriate MW of chitosan (100 μg mL^−1^) to be used in combination with the 0.024 μg/mL OPG. The result revealed that LMW chitosan in combination with the 0.024 μg/mL OPG demonstrated higher cell proliferation, compared to MMW and HMW chitosan ([Fig. 6](#fig-6){ref-type="fig"}).

![The effect of HMW, MMW and LMW chitosan combined with 0.024 µg/mL of OPG on NHPL fibroblasts proliferation *in-vitro*.\
NHPL fibroblast cells were treated for 24, 48 and 72 h.](peerj-04-2229-g006){#fig-6}

Morphological changes of cells after treatment with OPG-chitosan combinations
-----------------------------------------------------------------------------

In general, regardless of the MW of chitosan, the treated cells appeared to have normal morphology, such as flattened surfaces, and they adhered to the surface of well with very minimal rounded cells (not attached cells) at the various exposure times. [Figure 7](#fig-7){ref-type="fig"} is a phase contrast image showing morphological changes of NHPL fibroblast cells, following treatment with LMW, MMW and HMW chitosan in combination with 0.024 μg/mL concentration of OPG. We noticed that there was no difference between the morphology of cells treated with gels compared to the control group of untreated cells. We suggest that OPG had no effect on the morphology of the cells.

![The morphological changes of NHPL fibroblast cells observed under an inverted microscope after 24, 48 and 72 h.\
(A) Control (untreated cells), (B) OPG-LMW chitosan combination, (C) OPG-MMW chitosan combination and (D) OPG-HMW chitosan combination.](peerj-04-2229-g007){#fig-7}

Quantification of the cell viability using AOPI double-staining
---------------------------------------------------------------

In general, following exposure to different OPG-chitosan combinations at different time exposures, most of the cells were viable and showed fluorescent green with intact cell walls and minimal amounts of dead cells. [Figure 8](#fig-8){ref-type="fig"} shows the fluorescent images of the NHPL fibroblast cells, following treatment with LMW, MMW and HMW chitosan in combination with 0.024 μg/mL OPG after 24, 48 and 72 h. [Table 2](#table-2){ref-type="table"} shows cell viability percentages after they were treated with OPG in combination with different MWs of chitosan. The cell viability percentages ranged from 87% to 92%, 89% to 92% and 89% to 92% after 24, 48 and 72 h respectively

![AOPI Viability: dual fluorescence for viable and nonviable cells treated with OPG-chitosan combinations and untreated cells.\
Images were observed at 50× magnification. (A) Control (untreated cells), (B) OPG-LMW chitosan combination, (C) OPG-MMW chitosan combination and (D) OPG-HMW chitosan combination.](peerj-04-2229-g008){#fig-8}

Osteopontin and osteocalcin protein levels
------------------------------------------

Western blot analysis was used to examine the expression level of osteopontin and osteocalcin protein in treated normal human osteoblast cells with LMW chitosan combined with 0.024 μg mL^−1^ of OPG. Results in [Fig. 9](#fig-9){ref-type="fig"} revealed that LMW chitosan combined with 0.024 μg mL^−1^ of OPG induce the expression levels of bone formation marker proteins osteopontin and osteocalcin in time-dependent manner. At 24 h post treatment, proteins level were lower and increased after 48 and 72 h treatment.

mRNA expression of caspase 8 and BCL2
-------------------------------------

A real-time PCR analysis was performed to investigate the differences in the mRNA expression levels of caspase 8 and Bcl-2 which are apoptosis-related genes. The results showed the downregulation of caspase 8 and upregulation of Bcl-2 expression after treatment with LMW chitosan combined with 0.024 μg mL^−1^ of OPG ([Fig. 10](#fig-10){ref-type="fig"}).

10.7717/peerj.2229/table-2

###### The cell viability percentages treated with OPG combined with different MW chitosan.

![](peerj-04-2229-g012)

  Combinations                24 (h)     48 (h)     72 (h)
  --------------------------- ---------- ---------- ----------
  Control (untreated cells)   87 ± 10%   89 ± 13%   92 ± 14%
  OPG in LMW chitosan         91 ± 16%   85 ± 15%   89 ± 20%
  OPG in MMW chitosan         92 ± 19%   92 ± 18%   90 ± 11%
  OPG in HMW chitosan         88 ± 12%   90 ± 9%    91 ± 7%

**Notes.**

The viability percentages of different MW chitosan were combined with OPG on NHPL cell lines *in vitro* at 24, 48 and 72-hour treatments. The viability percentage values were obtained from the AOPI double-staining assay. Data are reported as means ± SD for measurements in triplicate.

![Effect of LMW chitosan combined with 0.024 μg/mL of OPG on osteopontin (A) and osteocalcin (C) proteins expression at 24, 48 and 72 hours. GAPDH (B) was used as a loading control. (D) Quantitative analysis of treatment. All data were expressed as means ± standard deviation (SD).](peerj-04-2229-g009){#fig-9}

![Downregulation of caspase 8 and upregulation of Bcl-2 expression in NHPL fibroblast cells.\
The expression of caspase 8 and Bcl-2 after 24, 48 and 72 h of treatment was studied by RT-PCR. GAPDH was used as internal (positive).](peerj-04-2229-g010){#fig-10}

Discussion
==========

Different MWs of chitosan showed no marked inhibition on the viability of the NHPL fibroblast cells. This study also confirmed that chitosan has the ability to induce proliferation of NHPL fibroblast cells, which serve a role in bone healing. We used NHPL fibroblasts in this study as Fibroblasts are one of the important cells involved in the healing process. The NHPL fibroblast cell is one the main cells that contribute in the periodontal bone regeneration as it has osteoblast-like properties such as alkaline phosphatase activity, vitamin D-dependent production of osteocalcin and initiation of mineral-like nodules in the presence of a supportive medium ([@ref-22]; [@ref-38]; [@ref-4]). The extent of chitosan's ability to regenerate bone is still debated. Spin-Neto and co-workers ([@ref-41]; [@ref-42]) revealed that there was no significant bone formation following chitosan and chitosan hydrochloride gel application in critical sizes of bone defects; the defects were repaired by connective tissue with variable degrees of inflammation. On the other hand, [@ref-34] reported that chitosan enhanced osseous healing of defects created in sheep. [@ref-25] also reported that chitosan has significant effects on the regeneration of bone tissue in calvarial defects in rats. Other studies have reported that chitosan and chitosan-based biomaterials, tested in the treatment of bone defects, have a high degree of biocompatibility, osteoconductivity and increased the density of newly formed bone ([@ref-9]; [@ref-16]; [@ref-26]; [@ref-31]), and chitosan derivatives have the ideal properties of biocompatible materials tested on normal human fibroblasts ([@ref-41]; [@ref-42]; [@ref-34]). Biocompatibility is one of the most important criteria in selecting biomaterials. Clinically, chitosan also has high potential in dental applications, and it has used to repair socket after dental extraction ([@ref-15]). Other research also reported that biodegradable dental chip containing chlorhexidine or thymoquinone was applied for management of chronic periodontitis in patients ([@ref-2]; [@ref-24]).

With regards to OPG, the viability of NHPL fibroblast cells was significantly high at concentrations of 0.024 and up to 3 μg mL^−1^ of OPG. Previous studies have reported that OPG acts as a survival factor, at least *in vitro*, by blocking TRAIL-induced apoptosis ([@ref-30]; [@ref-19]). Several preclinical studies that used OPG systemically for treatment of bone disorders have revealed that OPG inhibits bone resorption and improves osteoblastogenesis and new bone formation ([@ref-48]; [@ref-21]; [@ref-29]). Other studies involving clinical use of OPG to treat bone loss in post-menopausal women revealed that biochemical markers of bone resorption were reduced and OPG was able to lessen the amount of bone turnover ([@ref-7]). Body and co-workers ([@ref-8]) stated that OPG was accepted as a treatment for patients with bone disease related to breast carcinoma or multiple myeloma and is thus effective in reducing levels of bone resorption markers. This is the first study to report on the toxicity evaluation of OPG in cells. The results demonstrated that a low concentration of OPG (0.024 mg mL^−1^) has the greatest ability to induce proliferation of NHPL fibroblast cells compared to other concentrations. On the other hand, the proliferation of the cells was greater when OPG (0.024 mg mL^−1^) was combined with chitosan (low and moderate molecular weights) compared to separate treatments with chitosan and OPG; but the combination with high molecular weight chitosan exhibited no difference among three doses of OPG.

3D cell culture models produce a pragmatic microenvironment and simulate an *in vivo* system, which aids to understand cell--cell interactions ([@ref-46]). Cells cultured in a 3D environment have the ability to acquire phenotypes and respond to stimuli similar to *in vivo* biological systems ([@ref-37]; [@ref-17]). This study showed that the LMW chitosan combined with OPG had the greatest ability to induce cells proliferation compared to the moderate and high molecular weights of chitosan combined with OPG. This is in accordance with [@ref-12] and [@ref-36] who have reported that low molecular weight chitosan significantly promoted growth of normal fibroblasts. Other studies also reported that fibroblasts treated with low molecular weight chitosan stimulated fibroblasts proliferation compared to chitosan at higher molecular weights ([@ref-43]; [@ref-44]).

The results also verified that the rate of NHPL fibroblast cells proliferation increased with time exposure to the OPG-chitosan matrixes and did not cause toxicity effects on fibroblast cell growth. This is also in agreement with a study reported by [@ref-36].

Regarding the effect of on the activity of NH osteoblast cells, human osteoblasts were treated with LMW chitosan combined with OPG with optimal concentration confirmed by the proliferation assays. The results showed that the osteocalcin and osteopontin levels were increased as time of exposure increased. Based on these findings, we may postulate this treatment has ability to enhance the differentiation of cells as Celic and coworkers have demonstrated that the production of some bone protein such as osteocalcin was increased in differentiated cells as it is late marker of bone formation ([@ref-11]). Osteocalcin is a mineralization-specific marker because its expression increases as the mineralization increase ([@ref-47]). [@ref-45] reported that there is a correlation between calcification and the distribution of bone sialoprotein and osteopontin.

OPG seems also play a key role in cell survival, via its interaction with TNF-related apoptosis-inducing ligand (TRAIL). OPG can act as a decoy receptor for TNF-related apoptosis inducing ligand, because it is efficiently binds with TRIAL. TRAIL signaling leads to cell death by activation of caspase-8 leads to caspase cascade that culminate in cell death ([@ref-5]; [@ref-14]). Also, overexpression of Bcl-2 was found to inhibit the TRIAL-induced caspase 8, thus inhibiting the TRAIL-induced apoptosis in many cells. The results of RT-PCR revealed that the downregulation of caspase 8 and upregulation of Bcl-2 that may promote cell proliferation. These are in agreement with previous studies that reported the exogenous application of recombinant OPG has indeed been shown to be capable of inhibiting TRAIL-induced apoptosis and subsequently downregulate the caspase 8 expression ([@ref-32]; [@ref-33]; [@ref-39]).

The LMW chitosan has structural characteristics similar to those of the glycosaminoglycans that facilitate the migration and proliferation of cells and the also the OPG has effects on the survival of cells, thereby the OPG-chitosan combination facilitate the tissue regeneration.

This is the first study that evaluated the combination effect of OPG with different molecular weights of chitosan on osteoblast and NHPL fibroblast. The results of this study indicate the LMW chitosan combined with OPG has potential to be used as a biomaterial for bone tissue engineering.

Conclusion
==========

Our results have suggested OPG in low molecular weight chitosan matrixes enhances cell growth and proliferation, and induce the production of osteopontin and osteocalcin protein levels. It can be used in different local preparations for potential bone defect application. Further study is necessary to clarify the effect of combining OPG and chitosan for bone management applications.
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